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Background: The relationship between gut microbiota and metabolites play an important role in the
occurrence and development of type 2 diabetes mellitus (T2DM). However, the interaction between
intestinal flora abundance and metabolites is still unclear. The purpose of this study was to investigate
the correlation of the interaction network between intestinal flora and fecal metabolites in regulating the
occurrence of T2DM.

Methods: This a case-control study. T2DM patients with different glucose levels and healthy people were
divided into case group and normal controls (NC) group. Fasting plasma and fecal samples were collected from
the subjects. Ultra-performance liquid chromatography-tandem mass spectrometry (LC-MS) untargeted fecal
metabolomics was used to detect small molecular metabolites within 1,500 Da in two groups. The diversity and
richness of intestinal flora were analyzed by the 16SrRINA third-generation full-length sequencing technique
and the correlation between intestinal microflora and different metabolites was evaluated.

Results: A total of 30 patients with T2DM and 21 NC were included for analysis, glycated hemoglobin
(HbAlc) (P<0.001), fasting blood glucose (FBG) (P<0.001), total triglycerides (TG) (P=0.002), and
fasting serum insulin (FINS) (P=0.026) were significantly higher in the T2DM group compared with
the NC group. The fecal metabolomics profiles of the T2DM group and NC group were significantly
different, and 355 different metabolites were identified among the two. Compared with the NC group,
the levels of ornithine (P=0.04), L-lysine (P=0.03), glutamate (P=0.01), alpha-linolenic acid (P=0.004),
traumatin (P=0.05), and erucic acid (P=0.004) in the T2DM group decreased significantly, while
PC[18:3(6Z,9Z,127)/24:1(15Z)] (P<0.001) levels increased. Compared with the NC group, the richness of
Megamonas and Escherichia increased in T2DM patients, while that of Bacteroidota and Phascolarctobacterium
were lower. Pearson correlation analysis revealed associations between gut microbiota and faecal metabolites,
and Phascolarctobacterium was positively correlated with alpha-linolenic acid (r=0.72, P<0.001).
Conclusions: There may be a mutual regulatory network between intestinal bacteria and fecal metabolites
in T2DM. The increased abundance of Phascolarctobacterium may increase alpha-linolenic acid uptake, and
alpha-linolenic acid may also increase the abundance of intestinal Phascolarctobacterium in vivo after metabolic

transformation. The combination of the two may play an important role in the treatment of diabetes.
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Introduction

Type 2 diabetes mellitus (I2DM) is a serious and common
chronic disease. The main mechanism is an insulin secretion
disorder of pancreatic B cells and insulin-sensitive tissues
which causes an inappropriate response to insulin, resulting
in insufficient insulin secretion and insulin resistance (1).
In addition, the occurrence and development of T2DM
are also affected by nutrition, physical activity, intestinal
flora, and metabolites (2). With the deepening of research,
the relationship between intestinal flora and metabolites in
T2DM has attracted increasing attention.

Intestinal bacteria are highly dynamic and specific in the
human body, and stable and diverse intestinal microecology
is essential for human health (3). Firmicutes and Bacteroidetes
comprise approximately 90% of all gut microbes, and
their abundance and diversity are altered by disease (4,5).
Research has shown (6-8) that when the abundance of
gram-negative bacteria such as Proteobacteria and Escherichia
increase in T2DM patients, lipopolysaccharide in the cell
wall can activate toll-like receptor-4 ('LR4), and many
pro-inflammatory cytokines are produced, causing low-level
systemic inflammation (9). On the other hand, intestinal
flora can also metabolize nutrients in vivo, transform and
produce some endogenous molecules, including short-chain
fatty acids (SCFAs), branched-chain fatty acids (BCFAs),
and bile acids (BAs), and alleviate pathological conditions
such as insulin resistance and inflammatory cell destruction
(10,11). In addition, there are many metabolites from
different sources, which play different functions in the
occurrence and development of T2DM by interacting with
intestinal flora after metabolism and transformation of the
ingested nutrients in the body.

Many experiments have studied the regulatory functions
of microbial-derived endogenous metabolites in metabolic
disorders and the improvement of exogenous nutrients in
the richness and diversity of gut microbiota. However, it is
not entirely clear whether different gut flora characteristics
can affect the absorption of exogenous metabolites
and whether gut bacteria are affected by metabolites
in improving diabetes and whether they can be used in
combination to improve T2DM (12,13). Based on this, a
case-control study was carried out to observe the difference
in characteristics of intestinal flora and fecal small-
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molecule metabolites between T2DM patients and normal
individuals. A correlation analysis of significantly altered
and enriched pathway metabolites with gut microbiota
was also carried out. The aim of this study was to explore
differences in the content of metabolites in faeces under
different intestinal flora abundances between T2DM and
normal controls (NC) and to discuss how metabolites
coordinate intestinal flora to regulate the immune and
energy metabolism pathways of T2DM. Through this
experiment, we hoped to provide a theoretical basis for
finding a more accurate and efficient early diagnosis and
treatment of T2DM. We present the following article in
accordance with the STROBE reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-3967/rc).

Methods
Subjects

A total of 30 (15 men and 15 women) newly diagnosed
T2DM patients with an age range of 30-70 years and
different blood glucose levels (without special dietary
habits) were selected from the Affiliated Hospital of
Chengdu University of Traditional Chinese Medicine from
March 2020 to September 2020. The NC group included
21 subjects (10 men and 11 women) from the Physical
Examination Center of the Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine. All T2DM
patients met the early diagnostic criteria of type 2 diabetes
after the first update of the World Health Organization
in 2019, and were not taking antidiabetic drugs including
metformin. T2DM patients had received no previous
treatment for their condition, and none had metabolic
or infectious disease, serious heart disease, liver disease,
kidney injury, or intestinal disease. In addition, none had
taken antidiarrheal agents, probiotics, antibiotics, or other
health care products within 3 months before participating
in the study. Pregnant women, nursing mothers, and
menstruating women were excluded (14). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by the Medical
Ethics Committee of The Affiliated Hospital of Chengdu
University of Traditional Chinese Medicine (No. 2020KL-
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031). Subjects who met the inclusion criteria were informed
of the basic information of the study and signed informed
consent. The age, height, and weight of all subjects were
recorded, as well as T2DM-related reference biochemical
indicators.

Untargeted faecal metabolomics analysis

The weight of frozen stool sample from each group was
approximately 60 mg. Metabolites were extracted by 1,000 pL
of methanol: acetonitrile: water (2:2:1, v/v) and added
2 pg/mL of internal standard L-2-chlorophenylalanine,
vortex and mixed for 30 seconds (methanol, Merck;
acetonitrile, Merck; L-2-chlorophenylalanine, Shanghai
Aladdin). Porcelain beads were added, milled at 45 Hz for
4 min, then ultrasonically for 5 min in an ice-water bath, and
repeated three times. After standing at minus 20 °C for one
hour, the sample was centrifuged at 4 °C and 12,000 rpm for
15 min, and the supernatant was placed in an EP tube, with
the extract dried in a vacuum concentrator. Next, 150 pL
of acetonitrile: water (1:1, v/v) was added to the dried
metabolites for reconstitution then vortexed for 30 seconds
and sonicated in an ice-water bath for 10 minutes. Samples
were then centrifuged at 4 °C and 12,000 rpm for 15 min,
then 120 pL of supernatant was extracted and placed into a
2-mL injection bottle, before 10 pL of each sample was mixed
into QC samples for detection on a liquid chromatography-
mass spectrometry (LC-MS) instrument.

The LC-MS consisted of an ACQUITY I-Class PLUS
ULTRA high-performance liquid chromatography tandem
XevOG2-XSQTof high resolution mass spectrometer
(Waters, United States), and an Acquity UPLC HSS T3
column (1.8 pm 2.1x100 mm) was used; The injection
volume was 1-3 pL, and the flow rate was 400 pL/min,
while the separation gradient was as follows:
0-0.25min98%A, 0.25-10min2 %A, 10-13 min2 %A, 13—
13.1 min98%A, and 13.1-15 min98%A. In both positive
and negative ion modes, mobile phase A (0.1% formic acid
aqueous solution) and mobile phase B (0.1% formic acid
acetonitrile) were used (formic acid, TCI; Acetonitrile,
Merck). The Waters XevoG2-XSQTof spectrometer
collected primary and secondary mass spectrometry data
in MSe mode under the control of the acquisition software
(MassLynxV4.2, Waters). In each data acquisition cycle,
dual-channel data acquisition for low and high collision
energy was carried out simultaneously, which saw the low
impact energy as 2 V, the high impact energy range 10-40 'V,
and the scanning frequency 0.2 seconds. The ESI ion
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source parameters were as follows: Capillary voltage was set
to either 2,000 V (positive ion mode) or 1,500 V (negative
ion mode), the taper hole source voltage was 30 volts, the
ion source temperature was 150 °C, the desolventizing gas
temperature was 500 °C, the reverse air flow rate was 50 L/h,
and the desolventizing gas flow rate was 900 L/h.

16SrRNA generation full-length detection of intestinal
flora

Midstream faecal samples were collected from subjects
in the T2DM group and NC group, transported to the
laboratory, and stored at -80 °C. Total DNA was extracted
from the samples using a PowerSoil’DNA isolation kit
(MoBio, USA), and 16sRNA primers were designed to
amplify using the following psrimer: forward primer 27 F:
5'-AGRGTTTGATYNTGGCTCAG-3'; reverse preimer
1492 R: 5'-TASGGHTACCTTGTTASGACTT-3".

The amplified products were detected by agarose gel
electrophoresis, and the qualified samples were mixed. The
final reaction product was purified and placed on a Sequel
II (Pacbio, USA) sequencer for on-board sequencing, and
based on the PacBio sequencing platform, the samples
were sequenced by SMRT Cell then filtered by Circular
Consensus Sequencing (CCS) sequence. After identification
and removal of chimeric sequences, Optimization-Circular
Consensus Sequencing (Optimization-CCS) was obtained.
Operational taxonomic units (OTUs) clustered the above
optimized CCS sequences at the 97% similarity level
(USEARCH, Version 10.0) and at bacterial 16S, and a Silva
database and RDP Classifier platform was used for species
annotation and classification analysis. Species taxonomic
analysis was performed to compare the significant
differences among groups at the genus and phylum level,
and linear discriminant analysis effect size (LEfSe) was used
to screen biomarkers with statistical differences among
groups (the screening criteria of biomarkers: LDA score
>3.5, P<0.05).

Statistical data processing and analysis

SPSS 26.0 (SPSS, Chicago, IL, USA) was used for
statistical analysis, and measurement data were expressed
as mean = standard deviation. When the measurement
data were normal and the variance was uniform, the ¢-test
was used, and when not, the rank-sum test was used. L.C-
MS off-machine data was used for normalization and
standardization. R studio was used to perform unsupervised
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Table 1 Demographic characteristics and clinical biochemical

indexes

Clinical parameters ~ T2DM (n=30)  Control (n=21) P
Gender (M/F) 15/15 10/11 0.867
Age (years) 55.30+10.19 42.75+10.62*  0.000
BMI (kg/m?) 25.66+2.99 22.10+1.84*  0.000
TC (mg/dL) 4.73+0.90 4.57+1.06 0.575
TG (mg/dL) 1.98+1.08 1.16+0.70* 0.002
FBG (mg/dL) 8.16+2.36 5.28+0.78* 0.000
HbA1c (%) 7.48+1.82 5.40+0.46* 0.000
Urea (mmol/L) 4.79+£1.17 4.86+1.97 0.885
Creatinine (umol/L) 59.87+12.73 64.50+12.43  0.203
HDL (mg/dL) 1.10+0.21 1.40+0.43* 0.006
LDL (mg/dL) 3.01+0.87 2.68+0.78 0.306
FINS (uU/mL) 12.78+6.07 9.47+3.91* 0.026

All parameters are mean + SD. *, significant P value. BMI, body
mass index; TC, total cholesterol; TG, triglyceride; FBG, fasting
blood glucose; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; FINS, fasting serum
insulin; T2DM, type 2 diabetes mellitus.

principal component analysis (PCA) to distinguish the
overall differences in metabolic profiles between groups and
to find differential metabolites between groups. The R-3.3.2
language package ropls was used to perform OPLS-DA
modeling, and 200 times permutation tests were performed
to verify the reliability of the model. The variable
importance for the projection (VIP) value of the model was
calculated using multiple cross-validation, and the method
of combining the difference multiple, the p value, and the
VIP value of the OPLS-DA model was adopted to screen
the differential metabolites. The screening criteria were P
value <0.05 and VIP >1.

The raw data collected by MassLynxV4.2 was processed
by ProgenesisQI (Waters Corporation, Milford, USA)
software for peak extraction, peak alignment, and other data
processing operations, and the mass deviation of fragment
ion identification was within 100 ppm. The metabolites
were identified using the Human Metabolome Database
(HMDB; http://www.hmdb.ca/metabolites) and LIPID
MAPS (https://lipidmaps.org) databases, and the R package
clusterProfiler package performed enrichment analysis for
differential metabolite results. The Kyoto Encyclopedia
of Genes and Genomes (KEGG; http://www.kegg.jp/) was

© Annals of Translational Medicine. All rights reserved.

Li et al. Phascolarctobacterium and a-linolenic acid relieve T2DM

used for pathway enrichment analysis, while functional
categories and generalists with P<0.05 were considered
significant enrichment. The correlation and association
analysis between the intestinal flora and target metabolites
were conducted by redundancy analysis (RDA) or canonical
correspondence analysis (CCA), and Pearson correlation
analysis technique was used to analyze the correlation
between intestinal flora and the differential metabolites
enriched in the pathway.

Results

Demographic characteristics and clinical biochemical
indexes

We assessed 30 newly diagnosed T2DM patients and
21 NC, and their demographic characteristics and clinical
biochemical indexes appear in Table 1. While there
was no statistical difference between the two groups in
the distribution of gender (P>0.05), there was in age
(P<0.001) and body mass index (BMI) (P<0.001). Among
basic biochemical indexes, glycated hemoglobin (HbAlc)
(P<0.001), fasting blood glucose (FBG) (P<0.001), total
triglycerides (T'G) (P=0.002), high-density lipoprotein
(HDL) (P=0.006) and fasting serum insulin (FINS)
(P=0.026) were significantly higher in the T2DM group
compared with the NC group and were statistically
significant. Renal parameters such as urea and creatinine
were within the normal range.

Multivariate statistical analysis of metabolites

After all samples were detected in positive and negative
ion modes by UPLC-MS, respectively, multivariate
statistical analysis was performed on the processed data, and
according to the results of the PCA score plot, there were
different characteristics of faeces in the T2DM group and
NC group (Figure 1A4,1B). Orthogonal partial least squares
discriminant analysis (OPLS-DA) was also performed (15).
In the permutation verification diagram, the horizontal
axis represents the similarity with the original model, the
vertical axis represents the value of R2Y or Q2, the blue
and red dots represent the R2Y and Q2 of the model after
Y replacement, respectively, and the dotted line is the fitted
regression line. If both R2Y and Q2 are smaller than R2Y
and Q2 of the original model, and all the points on the
left side of the figure (permutation test) are lower than the
point where the abscissa is 1 (original model), the model is
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Figure 1 PCA score plots. (A) PCA score plot in positive ion mode. (B) PCA score plot in negative ion mode. PCA, principal component

analysis.

meaningful (Figure 24-2D).

Screening of differential metabolites and KEGG pathway
enrichment analysis

VIP >1 and P<0.05 were set as the screened criteria, and we
found 355 differentially abundant metabolites in both groups,
with 43 increased in T2DM, while 312 were decreased. The
size of the scattered points in the volcano plot represents
the VIP value of the OPLS-DA model, and the larger the
scatter point, the larger the VIP value, and the more reliable
the differentially expressed metabolites screened. The blue
dots in the figure represent down-regulated differentially
expressed metabolites, the red dots represent up-regulated
differentially expressed metabolites, and the gray dots
represent metabolites detected but not significantly different
(Figure 3A). After sorting by P value, the top five qualitative
metabolites were selected and labeled in the figure, and
were 2-decaprenyl-3-methyl-6-methoxy-1,4-benzoquinone
(VIP =3.6, P<0.05), N-glycoloylganglioside GM2
(VIP =2.9, P<0.05), PC(0-16:0/18:0) (VIP =2.8, P<0.05),
PC[18:3(62,97,127)/24:1(15Z)] (VIP =2.8, P<0.05), and
3-O-sulfogalactosylceramide (d18:1/22:0) (VIP =2.8,
P<0.05).

KEGG pathway enrichment point plot showed the
enrichment of different metabolites in metabolic pathways
(Figure 3B). Compared with the NC group, the levels of
ornithine (P=0.04), L-lysine (P=0.03), glutamate (P=0.01),
alpha-linolenic acid (P=0.004), traumatin (P=0.05), and
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erucic acid (P=0.004) in the T2DM group decreased
significantly, while PC[18:3(62Z,9Z,122)/24:1(15Z)]
(P<0.001) levels increased. Alpha-linolenic acid,
PC[18:3(67,97,127)/24:1(15Z7)], and traumatin were
enriched in alpha-linolenic acid metabolism (P=0.014),
and alpha-linolenic acid and erucic acid were enriched in
biosynthesis of unsaturated fatty acids (P=0.035) (Table 2).
The correlation was analyzed and compared with two
groups of different intestinal bacteria.

Species distribution of intestinal bacteria between the two
groups

We evaluated the composition of intestinal flora in each
group. At the genus level, the genera of Escherichia and
Megamonas were significantly increased in T2DM, while
Phascolarctobacterium were decreased (Figure 44). We
identified 21 differentially expressed biomarkers using
LEfSe analysis (LDA score (logl0 >3.5) (Figure 4B),
and compared with the NC group, the abundances of
Bacteroides_stercoris (P=0.0018), Bacteroides_uniformis
(P=0.018), Phascolarctobacterium_calcite (P=0.04) and
Phascolarcrobacterium (P=0.035) in T2DM patients decreased,
while Megamonas_funiformis (P=0.0021) and Ruminococcus_
gnavus (P=0.015) increased. These results revealed
differences in the composition of intestinal microbiota
between the two groups, indicating the unique diversity and
distribution characteristics of intestinal microbiota in newly

diagnosed T2DM patients.
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Correlation study of gut microbiota and target metabolites
between T2DM and NC groups

RDA/CCA correlation analysis showed there was a
certain correlation between intestinal flora and the above
metabolites in diabetic patients. Pearson correlation analysis
and visual analysis showed nine of the top 20 gut bacteria
had positive and negative correlations with four different
metabolites at the genus level (Figure 5). Among them,
Phascolarctobacterium had significant positive correlation
with alpha-linolenic acid (r=0.72, P<0.001).

Discussion

The study recruited 51 participants: 30 diabetics and 21
normal controls. Compared with the NC group, the basic
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clinical characteristics such as FBG, FINS, TG, and BMI
in patients with T2DM were significantly increased, and
TC and LDL showed an increasing trend. Clinical basic
biochemical indicators are important monitoring objects
that reflect human metabolism. Naderpoor et 4/. (16) found
in obese people with high BMI, Phascolarctobacterium was
significantly positively correlated with insulin sensitivity.
In a mouse experiment, Muller ez /. (17) found a decrease
in intestinal bacterial levels after antibiotic treatment led
to a reduction in the number of neurons in the intestine of
mice, and the blood glucose in an intervention group was
higher than in a control group, indicating the intestinal
neurons regulated by microbial groups can independently
regulate blood glucose and other metabolism in the body.
This further indicates the uniqueness and great potential of
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Table 2 The top five differential metabolite pathways

Pathway Name P value Qvalue  Metabolite

ko00997 Biosynthesis of various secondary 0.008759 0.36276  Ornithine, L-lysine, and glutamate
metabolites—part 3

ko00592 Alpha-linolenic acid metabolism 0.014258 0.36276  Alpha-linolenic acid,

PC[18:3(62,92,122)/24:1(152)], and traumatin

ko01060 Biosynthesis of plant secondary 0.017843 0.36276  Protoporphyrinogen IX, alpha-linolenic acid,
metabolites L-lysine, glutamate, and brassinolide

ko01070 Biosynthesis of plant hormones 0.019808 0.36276  Alpha-linolenic acid and brassinolide

ko01040 Biosynthesis of unsaturated fatty acids 0.03585 0.36276  Alpha-linolenic acid and erucic acid

intestinal flora in the independent regulation of metabolism.

In recent years, fecal metabolomics has received
increasing attention for microbial metabolic functions.
Fecal samples are easy to obtain and are of proven value
in studying hosts, microorganisms, and their co-regulated
metabolic activities (18). In the current study, LC-MS was
used to detect small molecular metabolites within 1,500 Da
in the faeces of the NC group and T2DM group. We
found 355 differentially abundant metabolites in both
groups, with 43 of these increased in the T2DM group,
while 312 were decreased. 16STRNA third-generation
full-length sequencing was used to evaluate the changed
characteristics of intestinal microbials of different groups.
At the genus level, the abundances of Bacteroides, Prevotella,
and Phascolarctobacterium decreased in intestinal flora of the
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T2DM group, while the abundance of Escherichia increased,
which was consistent with previous research (19-21). In
this experiment, the fecal metabolites alpha-linolenic acid,
PC[18:3(6Z,9Z,127)/24:1(15Z)], and traumatin were
enriched in the alpha-linolenic acid metabolic pathway,
and alpha-linolenic acid and erucic acid were enriched
in the biosynthesis of unsaturated fatty acids, in which
the former had a significant positive relationship with
Phascolarctobacterium.

In the between-group difference results determined
by LEfSe, the abundance of Phascolarctobacterium in
T2DM decreased. Phascolarctobacterium is prevalent in
the gastrointestinal tract, and can produce SCFAs, and
a previous study has shown it as a genus that can have

beneficial effects on the human body (22). SCFAs include

Ann Transl Med 2022;10(19):1056 | https://dx.doi.org/10.21037/atm-22-3967



Page 8 of 11
100 B Unclassified
M Others
80 - M Faecalibacterium
o ¥ Subdoligranulum
X
g M Dialister
< 60
T B Eubacterium
3
g B Akkermansia
2 40 H
© B Megamonas
(7}
o
B Phascolarctobacterium
20 B Prevotella
B Escherichia
0 B Bacteroides
NC T2DM
Sample

B B NC @ T2DM

Li et al. Phascolarctobacterium and a-linolenic acid relieve T2DM

o.

o_Enterotacterales

g_Megamonas
Megamonas funiformis

o

g_Faecaficatena

s_Bacterbides_norli
g_Blauti
g_Rosebiria

s_Dialister_invisus'

s_Dialistér_succingtiphilus
c_Bacill
s_Bacterpides_unifgrmis

ium fadcium

o

s_Bacterjoides sterdoris

)
f

)

o-—

i
-1 1 2 3 4
LDA SCORE (Iogyo)

Figure 4 Distribution of intestinal flora abundance and diversity. (A) Abundances of the top 12 species of bacteria at the genus level; (B)
distribution histogram of the LDA value. NC, normal control; T2DM, type 2 diabetes mellitus; LDA, linear discriminant analysis.

5.0
25 o ialster
<
)
«Q
< 0.0
2
Q
(&)
-2.5 thclalclob:clarlum
-5.0
T T T T T
-5.0 -25 0.0 25 5.0

CCA1 (6.9%)

Lachnospira IM
Fusobacterium | o ,

Megamonas
9 0.2

0.0
-0.2
0.4

Escherichia
Clostridium

Ruminococcus

Lachnoclostridiumg ~

Parasutterella

Veillonella

Phascolarctobacterium
Dialister

Haemophilus

Bacteroides
Akkermansia
Faecalibacterium

Alistipes

ok Subdoligranulum
[ % Prevotelia
| Eubacterium
Parabacteroides
3 g g -

Figure 5 Correlation analysis between intestinal microflora and four different metabolites. (A) RDA/CCA analysis of four differential

metabolites and intestinal flora. (B) Pearson correlation analysis between four different metabolites and intestinal flora. *, P<0.05; **, P<0.01;
*** P<0.001. PC, PC[18:3(6Z,9Z,127)/24:1(15Z)]; ALA, alpha-linolenic acid; T, traumatin; EA, erucic acid; RDA, redundancy analysis;

CCA, canonical correspondence analysis.

acetic acid, propionic acid, isobutyric acid, butyric acid,
and isovaleric acid, with butyric acid playing a central role
in regulating intestinal metabolic balance. Propionic acid
is closely related to important metabolic pathways such as
the liver gluconeogenesis pathway (23). When SCFAs bind
to free fatty acid receptor 2 (FFAR2) receptors in L cells,
they can promote the increase of Ca’* concentration in
intestinal L cells and activate important intracellular signal
transduction factors, including classical G protein signaling

© Annals of Translational Medicine. All rights reserved.

molecules such as protein kinase A (PKA) and protein
kinase C (PKC), promote the secretion of glucagon-like
peptide-1 (GLP-1), and accelerate the release of insulin (24).
Alpha-linolenic acid is an omega-3 polyunsaturated fatty
acid (n-3 PUFAs) with the first double bond at the third
carbon atom starting from the methyl side of the fatty
acid carbon chain (25). As a plant-derived essential fatty
acid, it has research value because of its anti-inflammatory
activity (25), can interfere with arachidonic acid (AA)
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metabolism, inhibit the prostaglandin biosynthesis
pathway, and reduce the concentration of proinflammatory
cytokines (26). In addition, alpha-linolenic acid can improve
mitochondrial damage and endoplasmic stress, reduce
oxygen species (ROS) and other peroxide production,
induce 5-AMP-activated protein kinase (AMPK) activation,
regulate multiple key transcription factors, and affect liver
fat metabolism (27). Hosomi et 4/. found the differences in
intestinal flora in different experimental groups were mainly
reflected in the levels of Phascolarctobacterium, Turicibacter,
and Eubacterium after four weeks of feeding soybean oil,
EPA, and DHA. The content of Phascolarctobacterium in
DHA-fed rats was lower than in soybean oil-fed rats, but
its abundance in EPA-fed rats was significantly higher (28).
EPA and DHA can be further converted by ingestion
of alpha-linolenic acid and are important secondary
metabolites of it in vivo. Due to different conversion
efficiencies, the metabolic yields are also different (25).
However, in a double-blind randomized controlled trial,
after feeding n-3 PUFAs to patients with hyperlipidemia in
the intervention group for three months, the abundances
of Phascolarctobacterium and Veillonella in vivo were
reduced (29). In summary, the relationship between alpha-
linolenic acid and Phascolarctobacterium requires further
investigation. The correlation heat plot showed erucic acid
had a certain degree of negative correlation with Escherichia.
When Gong et al. studied the feasibility evaluation of
phenolic acids as potential probiotics in different whole
wheat varieties, they proposed the residual phenolic acid
content in chyme was related to the abundance of at least
one bacterial genus (30). The correlation heat map showed
erucic acid had a certain degree of negative correlation
with Escherichia (r=-0.645), and erucic acid may also have
different degrees of regulation with Escherichia in vivo.

Thus, in this experiment, it was found that the
abundance of Phascolarctobacterium and alpha-linolenic acid
concentration in the NC group were higher than those in
the T2DM group. The positive correlation between the
two was obtained by correlation analysis and indicates their
combination may better promote the repair of metabolic
disorders and the increase of intestinal probiotics abundance
in patients with T2DM. However, to further understand the
specific mechanism of the two in the human body, further
investigation is required.

Limitation of the study

Due to the problems in this experiment, such as fewer
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specimens and no iz vive experimental verification, the
conclusions are only the preliminary data for future
experiments. Regardless, this also indirectly reflects
the changes and connections of intestinal bacteria and
exogenous metabolites in vivo, providing preliminary
information for future i vivo experiments.

Conclusions

According to this experiment and other references, it is
speculated that through their interaction the change of
Phascolarctobacterium abundance may affect the absorption
of alpha-linolenic acid. Alpha-linolenic acid is further
metabolized in the body by increasing the abundance of
Phascolarctobacterium bacteria, enhancing the transformation
of SCFAs, improving the inflammatory pathway, and
alleviating insulin resistance. In summary, there is a close
and complex relationship between intestinal bacteria and
metabolites. The intestinal flora with different characteristic
distributions will affect the absorption of nutrients in the
intestine, and the transformed metabolites will coordinate
the intestinal flora to participate in the metabolic
pathway in vivo. However, the relationship between
Phascolarctobacterium and alpha-linolenic acid requires
further research.
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